We report on photometric and spectroscopic observations of a possible halo black-hole X-ray nova, XTE J1118 + 480 (= KV UMa) during outburst. Our photometric monitoring during the main outburst revealed that the optical maximum as well as the onset of the outburst precede those in the X-ray region. This indicates that the event was an "outside-in" type outburst and that its optical flux was dominated by viscous heating, itself, and not the effect of X-ray irradiation. Based on these results, we suggest an outburst scenario analogous to superoutbursts in SU UMa-type dwarf novae. This scenario predicts a superhump phenomenon, which we indeed detected throughout the outburst. We determined its period to be 0.170529 ± 0.000006 d, which is slightly longer than the orbital periods suggested from spectroscopic observations. We have furthermore revealed the first evidence of a continuous period decreasing in X-ray novae. The most prominent feature in our optical spectrum is a double-peak He II 4686Å emission line having an asymmetric profile with an outstanding blue side peak. Using a Doppler mapping method, we found that the He II emission originates from the accretion disk, which particularly concentrates on the hot spot. The time that the blue peak becomes strongest corresponds to a superhump peak. This implies that we see an elongated side of an eccentric disk at that time and, hence, it may cause an asymmetric emission profile. Substituting the observed fractional superhump excess for a theoretically expected relation between it and the mass ratio, we estimate that the black-hole mass is larger than 9.5 M . XTE J1118 + 480 thus has a large mass of a compact object compared with the typical black-hole X-ray novae.
Introduction
X-ray novae (XNe) or soft X-ray transients are low-mass X-ray binaries (LMXBs) which contain a Roche-lobe filling secondary star and an accreting compact object. Their long quiescence periods, which typically last for over ten years, are suddenly interrupted by luminous X-ray outbursts. The luminosity of the X-ray outbursts reaches 10 38-39 erg s −1 and the duration is on the order of a year or longer. Optical, infrared, and radio outbursts usually accompany X-ray outbursts (Tanaka, Lewin 1995) . XNe can provide dynamical evidence for stellar-mass black holes through radial velocity studies of the secondary star. If the mass function of a system is over the upper limit of a stable neutron star mass (∼ 3 M ), we regard a compact object of the system as being a black-hole candidate (BHC). XNe which contain a BHC are generally called black-hole X-ray novae (BHXN) (van Paradijs, McClintock 1995) . X-ray and optical light curves of BHXN are generally characterized by a fast rise within a few days and an exponential decay with an e-folding time of a few tens of days (Chen et al. 1997) . The accretion-disk instability model, which had originally been developed to interpret dwarf nova outbursts, has been applied to explain the characteristics of light curves and their outburst mechanism (Huang, Wheeler 1989; Mineshige, Wheeler 1989 ). In the case of BHXN, the effect of X-ray irradiation plays a key role in their outburst scenario (Kim et al. 1999) . It is suggested that the irradiation effect also causes re-flares, which are occasionally observed 30-50 d after the peak (King, Ritter 1998) .
The tidal-instability model for BHXN predicts that an accretion disk can evolve into an eccentric shape by the tidal effect of a secondary star. It has been suggested to interpret the activities of SU UMa-type stars which form a sub-class of dwarf novae with extreme mass ratios (Warner 1995) . They experience superoutbursts in which we see modulations of the flux, called "superhumps", with a period a few percent longer than their orbital one. According to the tidal-instability model, the precession of the eccentric disk causes the superhump phenomenon (Whitehurst 1988; Osaki 1989) . Since the mass ratio of BHXN is also expected to be extreme (q ≡ M 2 /M 1 0.25), superhumps can appear during outbursts. In fact, they have been detected in some BHXN (e.g. O'Donoghue, Charles 1996) . The mechanism of the superhumps in BHXN is, however, still an issue, since the optical flux is suggested to be dominated not by the viscous heating, itself, as in dwarf novae, but by the effect of X-ray irradiation (Haswell et al. 2001) .
XTE J1118 + 480 was discovered by Rossi X-ray Timing Explorer (RXTE) All Sky Monitor (ASM) on 2000 March 29 at a high galactic latitude of b ∼ 62
• (Remillard et al. 2000) . While its soft X-ray flux was relatively weak, even at the peak (∼ 40 mCrab), Uemura et al. (2000a) report on the detection of a bright optical counterpart of V ∼ 13 mag. They identify this object as a faint object of r = 18.8 in the USNO A1.0 and A2.0 catalogues. McClintock et al. (2001a) and report that XTE J1118 + 480 has a large mass function of 6 M , which implies that this system is a new member of BHXN. The optical counterpart of XTE J1118 + 480 was given a variable-star designation of KV UMa (Kazarovets et al. 2001) . We use the name XTE J1118 + 480 throughout this paper.
Following Uemura et al. (2000b) , we present here results of an extensive optical campaign of XTE J1118 + 480 during the 2000 outburst conducted by the Variable Star Network (VSNET) collaboration team. In section 2, we report on our observational details and data analysis. In section 3, we consider long-term variations of the optical flux during the outburst, and then short-term ones, which we conclude to be superhumps. We also present optical spectra and report on the emission-line variations in relation to the superhumps. In section 4, we discuss and suggest possible interpretations for our observations. In the final section, we summarize our results.
Observation

Photometry
We performed CCD photometric observations at 14 observatories from JD 2451634 to 2451815. Details of the equipment and the journal of observations are given in tables 1 and 2, respectively. E. Dmitrienko and V.Šimon performed multi-color photometry of U , B, V , R, and I -band. D. Nogami, Y. Sano, A. Oksanen, and M. Moilanen performed high-speed photometry with T exp = 1-5s. We averaged their points to be a total T exp of 30 s when we discuss our period analysis in section 3. For our obtained images, we used the standard reduction method, which is described in Uemura et al. (2000b) . −1 grating. These spectra were reduced using SNGRED, 1 with which we performed dark and bias subtraction, flat fielding, removing cosmic rays, and wavelength calibration using a FeNe lamp spectrum. After sky subtraction and flux calibration using a standard star Feige 34, we obtained one-dimensional spectra. . These facts indicate that the optical rising phase lasted for over 50 d and, furthermore, the optical peak also preceded X-ray one as well as onset of the outburst. The optical decline can be fitted with an exponential function. Using our observations for 30 d from the maximum, we calculated the e-folding time to be about 600 d. This indicates a quite slow decline compared with the other BHXN (Chen et al. 1997 ). This monotonic decline trend was interrupted around HJD 2451690 (2000 May 25) by a short plateau phase in which the object almost remained constant. The timing of this short plateau is reminiscent of re-flares which are often observed in BHXN outbursts (Tanaka, Lewin 1995; King, Ritter 1998) . The amplitude and duration of this flare are ∼ 0.05mag and 10 d, respectively. The object again began fading, whose rate became faster with time, and then entered a rapid decline phase with an e-folding time of ∼ 20 d around HJD 2451750. No major re-brightening was observed after the main outburst was terminated Garnavich, Groot 2000) .
Results
Optical Light Curve during the 2000 Outburst
While the optical flux varied smoothly, the X-ray light curve is somewhat irregular. After the maximum around HJD 2451670, the X-ray flux appears to have abruptly decayed, and then gradually declined until around HJD 2451205. The X-ray activities are not clear during the optical short plateau. The ASM data show two points, indicating a possible short flare during the optical short plateau; however, their large errors and relatively calm points around these two indicate that they are erroneous. Although it is not available just before the rapid decline phase, we can see some oscillations or re-flares after HJD 2451705. The separation between the short plateau and these X-ray re-flares is 20-40 d, which is comparable to that of both peaks. direction of this object and there is no discussion which sensitively depends on such a small extinction in this paper . As shown in figure 3, we can detect no significant variation in U − B, B − V , and V − R during the gradual decline phase. The averages under no reddening correction were calculated to be U − B = −0.74 ± 0.02, B − V = 0.09 ± 0.02, and V − R = 0.15 ± 0.07. Constant color indices are typically observed in BHXN, and are consistent with a prediction by the disc-instability model (Smak 1984; Wheeler 1999 ). In the case of XTE J1118 + 480, however, we detect reddenings around the rapid-decline phase in R − I and V − R. We can see a gradual reddening of R − I even in the plateau phase. The flux from the cool secondary star or an outer disk may become significant with time, particularly at longer wavelengths. Figure 4 shows typical light curves during the main outburst. To transform the V -magnitudes obtained by M. Honkawa, Y. Lipkin, and E. Leibowitz (see table 1) to R C -magnitudes, we used the average R C − V = −0.18. We confirmed the shortterm modulations reported in Uemura et al. (2000b) , as can be seen in these figures. The modulations appear throughout the main outburst, as seen in figure 4. This is the first case in which the periodic modulations were continuously observed for over 100 d in BHXN. While some BHXN show such periodic modulations, they appear only a few tens of days after the maximum (O'Donoghue, Charles 1996) . In the case of XTE J1118 + 480, we detected modulations even before the main peak. Although we performed time-series photometry after HJD 2451749, we cannot confirm clear modulations, mainly due to the bad seasonal condition. The modulations were smooth, periodic, and coherent. There was no large variation in their amplitudes throughout the outburst. We hence consider that all modulations possess a common nature.
Periodic Modulations
Before performing a period analysis, we divided all of our data into six parts and then subtracted each monotonic decline trend. We used the Phase Dispersion Minimization method (PDM; Stellingwerf 1978) and obtained the period-Θ diagram illustrated in figure 5 . The left panel of figure 5 indicates two candidates of the period, i.e. one is near 0.17 d and the other is its double. When we fold the light curve with a period of ∼ 0.34 d, we see a double-peak profile with two similar maxima and minima in one period. In conjunction with a higher confidence level and reported spectroscopic periods of about 0.17 d, we consider that the former is the best candidate of the period. We thus determined the period of the humps to be P hump = 0.170529 ± 0.000006 d. In the right-hand panel of figure 5, we indicate the spectroscopic periods reported in Wagner et al. (2001) as "1" (0.169930 ± 0.000004 d) and McClintock et al. (2001a) as "2" (0.17013 ± 0.00010 d). The P hump is indicated as "3". The periodicity near "1" and "2" is weak, as can be seen in figure 5 ; we thus conclude that the period of the humps is significantly longer than the orbital one. Figure 6 shows the averaged hump profiles in each period of ten days. We calculated each best period using the PDM and folded the light curves with them. The numbers at the left shoulder in each panel are the dates of the observations. Figure 6 indicates that the hump profile varies with The vertical lines marked as "1", "2", and "3" denote the spectroscopic periods reported in Wagner et al. (2001) and McClintock et al. (2001a) , and the period of the modulations, respectively. We show a period error of "2". Errors of "1" and "3" can be neglected in this figure. time and that many of them are asymmetric. The hump in HJD 2451690-700 and the possibly in HJD 2451730-740 has multiple peaks. Although the object became ∼ 0.8 mag fainter from the peak to HJD 2451750, the amplitude of humps was slightly variable with an average of about 0.07 mag. There are two panels with somewhat larger amplitudes; HJD 2451650-660 corresponding to the optical maximum and HJD 2451700-710 to the short plateau.
Our long photometric monitoring enables us to study the period change of short-term modulations. We determined the peak times of the humps with a cross-correlation between each hump and the averaged profiles in figure 6 . We defined the times of each maximum in figure 6 by fitting a curve of second order to around the peak and marked them with arrows in each panel. We performed no further analysis for observations after HJD 2451710, since large dispersions of profiles cause large errors of their peak time. We performed a cross-correlation only for humps in which an apparent peak was observed. We then calculated O − Cs of each hump using the observational peak and P hump . Figure 7 shows the O − C diagram. In this figure, the abscissa and ordinate denote cycle E, whose period is P hump and the epoch is HJD 2451635.696904, the time of the first hump which we detected, and O − C, respectively. As shown in this figure, an increasing trend of O − C is gradually weakened and finally terminated around HJD 2451680, from which O − C slowly decreases. This means that the period of the humps was not constant, but decreased with time. Fitting a curve of second order, f (E), we obtain f (E) = −5.000 ± 1.122 × 10 −7 E 2 + 2.563 ± 0.450 × 10 −4 E (1) + 3.653 ± 3.794 × 10 −3 .
This fitting yields a reduced χ 2 (= 0.998) that is significantly smaller than that calculated by fitting a linear function (χ 2 = 1.673). The decreasing rate of period is thus P dot (≡Ṗ /P ) = −1.00 ± 0.22 × 10 −6 andṖ = −2.93 ± 0.66 × 10 −6 .
Optical Spectra
Average spectrum
The optical light curve shows that our spectroscopic observations were performed about 10 d after the peak. We show the averaged spectra in figure 8 . The upper panel is the lowresolution spectrum. As marked in this figure, we can see weak Hα, Hβ, and He II 4686Å, which are consistent with Garcia et al. (2000) and Dubus et al. (2001) .
The continuum breaks around 6000Å, as shown in figure 8. In the blue part, the continuum flux is well described by a power law ∝ ν p with p = 0.66±0.02. This p is steeper than that theoretically expected under the standard accretion disk model (Shakura, Sunyaev 1973; Kato et al. 1998 ). In the red part, the flux is rather flat at 24.9 ± 0.6 mJy. Hynes et al. (2000) report that the spectrum of 1000-50000Å is almost flat at 24(±10%) mJy, and can be interpreted by synchrotron radiation. They also note that the Balmer jump is seen as weak absorption, and suggest the contribution of an optically thick accretion disk. The change of p in our spectrum may hence indicate that the flat spectrum component is dominant from 6000Å to the infrared and radio regions, and that the flux from the accretion disk becomes dominant in the bluer part.
The lower panel in figure 8 is the moderate-resolution spectrum. The flux is normalized with its continuum. The most prominent feature is the doubly peaked He II 4686Å emission line, whose profile is asymmetric with a blue peak stronger than a red one. We calculate its equivalent width and FWHM to be 2.80 ± 0.38Å and 2728 ± 381 km s −1 , respectively. Although Dubus et al. (2001) also report an asymmetric He II line, contrary to ours, the red side was stronger in JD 2451641. In the spectrum, we can see absorption troughs of Hγ and the possibly of Hδ, which are also reported in Dubus et al. (2001) . C III/N III blend lines are quite weak in our spectrum, while the typical XNe shows these lines as being strong as, or slightly weaker than, He II 4686Å. Our spectrum shows a broad emission shoulder around He II 4686Å and C III/N III. The strong contribution from O II emissions between 4640-4700Å may cause this profile. Shrader et al. (1994) also report similar profiles during the main outburst of GRO J0422 + 32. Figure 9 shows time-resolved spectra taken on 2000 April 28. Because those on April 27 and 29 were unfortunately taken under poor sky conditions, we cannot discuss the variations of each spectrum. In the left panel of figure 9 , we have plotted the line profiles with time increasing from the bottom of the figure to the top. Since we made no simultaneous photometric observation during our spectroscopic observations, we extrapolated the averaged profile during HJD 2451660−670 in figure 6 from a hump on HJD 2451661 with P hump , shown in the right-hand panel of the figure. The period change which we revealed in the last section is so small that we can neglect its effect. We, moreover, confirmed that the extrapolated light curve is consistent with that on HJD 2451665, after the date of our spectroscopic observations. In this figure, the strength of the blue peak in He II 4686Å is clearly variable with time. It appears to be strongest near the maximum of the hump, and almost vanishes at the bottom. The line is again clearly visible in the last two spectra, which implies that this variation is periodic with a similar period of the hump. Contrary to the blue side, the variation of the red-side peak is not outstanding. We can find some hints of variations as well as the other lines, i.e. C III/N III, Hδ, and Hγ .
Short-term variations of lines
Using the doppler mapping method, we obtained a distribution of He II emission in the velocity field (Marsh, Horne 1988) . We assumed an inclination of 55
• , the mass of a compact object of 9.5 M , a mass ratio of 0.045, and an orbital period of 0.17 d (for these values, see the next section), and used a calculation code by Spruit (1998) . Figure 10 is the obtained doppler map. The lack of low-velocity components supports the emission from a rotating disk with an outer boundary. The distribution particularly concentrates around the hot spot and stream region. These characteristics are consistent with those reported in Dubus et al. (2001) . We, however, note that the asymmetric variation of the profile can possibly distort the doppler map; also, the model which we used here may not be adequate, since the code assumes symmetric variations of the profiles in one cycle.
Discussion
On the Nature of the 0.17 d Hump
We know that two types of short-term optical variations with coherent periodicity can appear during LMXBs outbursts. One is a variation with their orbital period, for example, eclipses by a secondary star, or geometric variations of a heated region in a secondary star (Zurita et al. 2000; Kato et al. 1995) . The other is superhumps with a period of a few percent longer than the orbital ones. In the case of XTE J1118 + 480, figure 5 evidently indicates that the period of the hump is significantly longer than its orbital one reported in McClintock et al. (2001a) and Wagner et al. (2001) . The changes of hump profiles and their period are difficult to explain based on the orbital period variations. According to McClintock et al. (2001a) , a mass ratio of XTE J1118 + 480 is so extreme that superhumps are expected to appear. The lack of an ∼ 0.17 d variation in the X-ray and radio regions can imply that this phenomenon originates from In both panels, we indicate some lines whose positions are expected in the rest frame. The systematic velocity of XTE J1118 + 480 is reported to be negligible on these scales (e.g. McClintock et al. 2001a) the outer region of an accretion disk where we expect thermal emission with relatively low temperature (Pooley 2001; McClintock et al. 2001b ). We thus conclude that superhumps contribute to these humps and P hump = P sh , where P sh denotes the period of the superhumps. This means that the superhump had already evolved at least 80-90 d after the precursor on 2000 January, and existed throughout the plateau phase of the main outburst.
It is suggested that the radiation mechanisms of superhumps are different between CVs and BHXN due to strong X-ray irradiation (e.g. Haswell et al. 2001) . During the early phase of the main outburst, however, we have found that both the onset of the outburst and the maximum of the optical flux preceded those of X-rays and that the optical flux began to decline before the X-ray maximum. These facts are difficult to explain if the optical flux is dominated by the irradiation effect, which is a tracer of the X-ray flux. Kim et al. (1999) suggest that an optical peak can precede an X-ray one due to the slow velocity of a heating wave traveling into the inner part even if the X-ray irradiation effect dominates in the optical flux. According to them, the decline speed of the optical flux becomes slower when the X-ray intensity passes its peak after the heating wave reaches the inner region. Contrary to this prediction, the decline rate of XTE J1118 + 480 keeps constant around the X-ray peak, as shown in figure 2 . Furthermore, the optical flux appears to be independent of the X-ray activity, while some oscillations or re-flares are seen in the X-ray light curve just before the rapid fading. In conjunction with a lack of major X-ray spectrum transitions, the optical and X-ray light curve thus strongly indicate that the viscous heating, itself, dominates in the optical flux rather than the X-ray irradiation component throughout Fig. 9 . Short-term evolution of the spectra with humps. The left-hand panel shows the time-resolved spectra. The abscissa and ordinate denote the wavelength and the relative flux normalized by each continuum level. We performed smoothing of the spectra in this figure with three neighboring points. The right panel is a light curve of humps in which we adjusted its time scale to the times of the exposure centers of each spectrum. Fig. 10 . Doppler map of the He II 4686Å emission line. The x-and y-axes are defined with the direction from the center of gravity to the secondary star and that of secondary rotation, respectively. The + is the center of gravity of the binary system and the two ×'s denote that of the primary and secondary components, respectively. The Roche lobe is written around the secondary. Two curves from the Roche lobe mean the orbit of stream and the Kepler velocity corresponding to it. These curves are calculated for an inclination of 55 • , a mass of primary of 9.5 M , a mass ratio of 0.045, and an orbital period of 0.17 d.
the outburst. The long e-folding time of XTE J1118 + 480 implies that the irradiation should effectively work to stabilize the outer part of the accretion disk; however the above discussion implies that it does not make a large contribution. As shown in the averaged superhump profiles, the amplitudes of the superhumps are also independent of the X-ray flux. We thus conclude that the major source of superhumps in XTE J1118 + 480 is also the original viscous heating.
Figure 7 now reveals that P sh decreases with time, as reported for a number of CVs. The rate ofṖ = −2.93 ± 0.66 × 10 −6 is over one order of magnitude smaller than that observed in SU UMa stars of (3-10) × 10 −5 (Patterson et al. 1993) . Although the WZ Sge stars, which form a sub-class of SU UMa stars with very short orbital periods, show a smaller value than that of ordinary SU UMa stars, they are larger than that of XTE J1118 + 480 (Nogami et al. 1997) . Since the mass ratio of XTE J1118 + 480 is considered to be smaller than that of WZ Sge stars (see the next subsection), the smallestṖ of XTE J1118 + 480 is qualitatively consistent with the framework on SU UMa stars (Patterson 2001) .
Some of the superhump profiles of XTE J1118 + 480 are different from the typical ones that observed in SU UMa stars. Superhumps in SU UMa systems often show a profile with a fast rise and a slow decay. On the other hand, the profiles of XTE J1118 + 480 are variable, and show symmetric shapes or a slow-rise and fast-decay as well as normal profiles. In the case of XTE J1118 + 480, we can expect some contributions from orbital-period modulations. It is possible that these modulations distort the shape of the superhumps.
Black-Hole Mass and Superhump Period
The tidal instability model can predict a mass ratio using an orbital and a superhump period. Osaki (1985) discussed one particle motion at the critical radius and regards the difference between the Kepler-motion and the epicyclic frequency to be the precession frequency of an eccentric disk. The following relations are then derived:
where a and P orb denote the binary separation and the orbital period, respectively; η is defined as η ≡ (r d /r d,crit ) and r d,crit is the critical radius which can be estimated to be ∼ 0.48 a; ε is called the superhump excess. The above equation means we can estimate q from ε. Osaki (1985) neglected the pressure in an accretion disk. Murray (1998) performed simulations that included the pressure effect, and reports an ε larger than that estimated from non-pressure calculations. On the other hand, Murray (2000) has noticed that equation (2) provides a reasonable upper limit of q when q < 0.25. Mineshige et al. (1992) applied equation (2) to superhumps in BHXN and empirically set η > 0.5.
Assuming the mass-radius relation of main-sequence stars and a secondary star filling Roche-lobe, Mineshige et al. (1992) derived a lower limit to the mass of the primary in LMXBs object under η > 0.5:
where the time scale of P orb and P sh is in hours. Mineshige et al. (1992) showed that the above equation provides blackhole masses consistent with the mass functions of BHXN. Based on the above discussions, we can limit ε, q, and M 1 of XTE J1118 + 480 using P sh and P orb , which is suggested through quiescent spectroscopy. We assume a P orb of 0.169930 ± 0.000004 d, which was reported in , since their estimated error was smaller than that in McClintock et al. (2001a) . Substituting these periods, we obtain ε = 3.525 ± 0.025 × 10 −3 , q 0.0407, and M 1 11.5M . We can limit the inclination, i, from these estimations using the mass-function. From the mass function,
in Wagner et al. (2001) we obtain i 56
• . The ε of XTE J1118 + 480 is, however, so small that the above estimation is sensitive to the input parameters. While we assume a secure value of η, as shown in Mineshige et al. (1992) , the P sh may be subjective because it decreases with time. To show a more secure limit, we assume a superhump period which is expected at the discovery date calculated by the constantṖ . We estimated this period to be 0.170657 d, and obtained ε = 4.278 ± 0.025 × 10 −3 , q 0.0496, M 1 9.5, and i 63
• .
The calculated mass is well over that of the stable cool neutron star (3 M ), and strongly indicates that XTE J1118 + 480 contains a black hole, as suggested by its mass function. The above estimation does not depend on i, and means a larger mass than that of typical BHXN (∼ 7 M ).
Outburst Mechanism of XTE J1118 + 480
A precursor of optical rising to X-ray rising has also been observed in GRO 1655−40 and that of infrared is in Aql X-1 (Orosz et al. 1997; Shahbaz et al. 1998 ). In the case of cataclysmic variables, some cases of a precursor of optical rising to UV rising have been reported (Warner 1995) . It is now believed that these precursors occur because the thermal instability started in the outer regions of the disk and propagated inward. This is a so-called "outside-in" type outburst (Smak 1984) . This interpretation was first developed in studies of CVs. Although it was difficult to explain the longer lag (∼ 6d) observed in GRO J1655−40 compared with that of CVs, Hameury et al. (1997) suggest a larger viscous timescale in the inner advection-dominated accretion flow (ADAF), which is suggested in BHXN. We can interpret the ∼ 8 d lag observed in XTE J1118 + 480 to be evidence of the outside-in type outburst, since the lag time is of the same order as that in GRO J1655−50.
In a typical BHXN, such as A 0620−00 or GRS 1124−68, the second or third peak is observed after the main peak, and some recent theoretical studies have succeeded to reconstruct their complicated light curve (King, Ritter 1998; Esin et al. 1997 Esin et al. , 2000 Kim et al. 1999) . It is suggested that multiple peaks in typical BHXN are caused by the X-ray irradiation effect onto the outer part of an accretion disk or the X-ray spectral transition. Although the light curve of XTE J1118 + 480 also shows two distinct peaks, there are some points which are difficult to explain by the previous models. First, both the onset and the maximum of the optical emission precede X-ray emission in the main outburst. Second, the amplitudes of both peaks are of the same magnitude. Finally, the decay rate of the main outburst is more gradual than that of the precursor.
We suggest that the light curve of XTE J1118 + 480 is rather analogous to that of superoutbursts in SU UMa-type dwarf novae (Kuulkers 2001) . In these systems, a short precursor is occasionally observed before a superoutburst (Marino, Walker 1979; Kato 1997 ). This precursor is considered to be a normal outburst ignited by thermal instability (Osaki 1989) . Following the precursor, the accretion disk expands outward, and then its radius reaches the critical one at which the tidal instability begins to work. The flux rapidly decreases until the thermal instability is again ignited at the outer region, and then the magnitude reaches a supermaximum.
The similarity in the light curves between XTE J1118 + 480 and SU UMa stars suggests a common outburst mechanism. Ichikawa et al. (1994) suggest a model for BHXN light curves which is based on the thermal-tidal instability model of dwarf novae in conjunction with X-ray irradiation to stabilize the outer part. According to them, a light curve which qualitatively represents that of XTE J1118 + 480 is reconstructed in the case of a long evolution time-scale of angular-momentum dissipation by the tidal torque. Their figure 4 possesses all three characteristics of XTE J1118 + 480 that we note above.
If this is the case, we would expect a superhump phenomenon, as seen in SU UMa stars, which we certainly discovered during the main outburst.
O' Donoghue and Charles (1996) analyzed light curves of GRS 1121−68, GRO J0422 + 32, and GS 2000 + 25, and concluded that the superhumps in these systems appear about 80 d after each maximum. This lag is consistent with a theoretical prediction which estimates the evolution time of the tidal dissipation. Lubow (1991) estimates this time to be proportional to P orb q −2 . In the case of XTE J1118 + 480, we calculated this time to be about 88 d using the equation in Lubow (1991) ; in fact, superhumps are seen at least 80-90 d after the peak of the precursor. Our suggested scenario is thus supported both observationally and theoretically.
We suggest some possibilities of why the other BHXN show no precursor. First, the X-ray luminosity of XTE J1118 + 480 is suggested to be so weak that the irradiation cannot stabilize the outer part of an accretion disk without a tidal instability. For a typical BHXN, the effect of X-ray irradiation can be dominant and stabilize the outer part of an accretion disk from the onset of eruption. Second, the dissipation time scale by the tidal torque may be exceptionally long in the case of XTE J1118 + 480. A light curve without a precursor is also shown in Ichikawa et al. (1994) in the case of a system with faster tidal dissipation. This may be the case for a typical BHXN. It is also possible that a number of precursors can be overlooked in previous cases.
Asymmetric Profile of the Emission Line
The asymmetric profile of He II emission line is difficult to explain with only a symmetric accretion disc. A strong blue peak was also reported in GS 2023 + 338 by Gottehelf et al. (1992) , who reported that such profile had never been seen in both XNe and CVs. We can find a possible similar feature in GRO J0422 + 32 (Casares et al. 1995) .
The ejections or jets may be one of the possible ways to understand such a profile. The flux from radio to infrared (or possibly optical) is suggested to be interpreted by synchrotron radiation from jets (Markoff et al. 2001) . If the emission originates from both the ejecting matter and the disk, we can expect an asymmetric profile. This scenario, however, has difficulty to explain the spectrum presented in Dubus et al. (2001) , which shows an inverse asymmetric profile.
Another possible scenario is to consider an asymmetric distribution of the emission region. According to Dubus et al. (2001) , the red side was rather stronger on 2000 April 7, and thus the blue side was relatively stronger on 2000 April 20. Our observation on 2000 April 28 yields a more asymmetric profile, as shown in figure 8. This profile variation appears to be smooth with a time-scale of several weeks. This is reminiscent of the beat period caused by the precession of an eccentric disk. The beat period is defined by 1/P beat = 1/P orb − 1/P sh . Some SU UMa stars during superoutbursts show modulations with a period of a few days, which are considered to be the beat period (e.g. Stolz, Schoembs 1984) . We estimated the beat period of XTE J1118 + 480 to be 40-70 d. Because the doppler map indicates that the He II emission concentrates around the hot spot, the coincidence of the hump peak and the He II blue-side maximum, as shown in figure 9 , implies that the disk is elongated to the direction where the radial velocity is maximum. It is thus possible that the region yielding the blue component is larger than that yielding the red one. This causes an asymmetric profile, while the emission mechanism from a disk is poorly understood. The estimated beat period is roughly consistent with this scenario. If the asymmetry of the disk causes a strong asymmetric emission line, the optical magnitude is expected to also be affected by the precession of disk. We can however find no modulation with a time-scale of several weeks, except for a short plateau ∼ 50d after the maximum.
Comparison with GRO J0422 + 32
The ratio of L X /L opt in XTE J1118 + 480 is over two orders of magnitude smaller than that of typical BHXN in outburst; furthermore, it is more than one order of magnitude smaller than that of a hard X-ray nova whose X-ray spectrum remains in a low/hard state throughout the outburst (Chen et al. 1997; Brocksopp et al. 2001) . Concerning L X /L opt , the mini-outburst observed in GRO J0422 + 32 only shows a similar value ). This mini-outburst was detected only in optical flux, and no X-ray re-brightening was observed. We can thus consider a quite small L X /L opt for this optical mini-outburst.
While their duration and decay rate are quite different, they have another noticeable common feature, that is, the depletion of C III/N III lines (Casares et al. 1995) . Since these lines are observed during the main outburst of GRO J0422 + 32, the scenario of the low abundances of these metals cannot explain the lack of these lines during the mini-outburst (Shrader et al. 1994) . Because the X-ray luminosity is considered to be relatively small during both the XTE J1118 + 480 outburst and the GRO 0422 + 32 mini-outburst, the weakness of Xray emission can cause the lack of C III/N III. This is suggested that CNO-processed matter accounts for the lack of CIII/NIII, O IV, and C IV lines during the XTE J1118 + 480 outburst (Dubus et al. 2001; Haswell et al. 2001) . The similarity of XTE J1118 + 480 and GRO J0422 + 32 in a mini-outburst, however, implies that the CNO-process scenario is not needed for an apparent depletion of C and O, and that the weakness of the X-ray flux can play a key role in the strength of these high-excited lines.
Conclusion
We performed an extensive optical campaign for the blackhole X-ray nova XTE J1118 + 480 (KV UMa). Our results are summarized as below:
• As can be seen from the X-ray light curve, we find two distinct optical outbursts, i.e. a precursor since 2000 January, and a main outburst since 2000 March. The optical rising to the main outburst precedes by about 8 d the X-ray one, and the optical maximum time also precedes by 15-20 d.
• We discovered a short plateau 40-50 d after the optical peak.
• We estimated the e-folding time during the plateau phase of the main outburst to be 600 d, which is quite longer than the typical value.
• The colors remain constant during the plateau phase of the outburst. We clearly see reddenings of R − I and V − R during rapid fading.
• The light curve shows the presence of short-term modulations, and we determined their period to be 0.170529± 0.000006 d. Because this is significantly larger than the orbital period, and we conclude that they are superhumps.
• We detected a smooth period change of superhumps for the first time in BHXN, as can be seen in a number of SU UMa stars. We calculatedṖ = −2.93 ± 0.66 × 10 −6 , which is over one order of magnitude smaller than that observed in SU UMa stars.
• The optical spectrum obtained about 10 d after the optical peak shows a continuum which could be fitted with a power law of f (ν) ∝ ν 0.06 in the region bluer than about 6000Å. The flux remains constant at about 25 mJy in the red part.
• The most prominent feature of the spectrum is the He II 4686Å emission line, whose profile is asymmetric with a strong blue peak.
Based on the above results, we suggest that the optical flux is dominated not by the X-ray irradiation effect, but by the component of the viscous heating, itself, during the outburst. The X-ray flux can be too weak to stabilize the outer part of the disk, which causes a rapid decline after the peak of the precursor. We can interpret the main outburst as being triggered by the tidal instability as superoutbursts of SU UMa-type dwarf novae. Using the tidal instability model, we estimated the black hole mass to be larger than 9.5 M . The outburst of XTE J1118 + 480 reveals a new state of X-ray novae with a large black-hole mass.
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